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Objective: Recently, the central venoarterial carbon dioxide difference/arterial-central venous oxygen difference
(P(v-a)CO2/C(a-v)O2) ratio has been suggested as an additional indicator of anaerobic metabolism. We investi-
gated the relationship between the P(v-a)CO2/C(a-v)O2 ratio and 8-hour lactate clearance (LC) in septic patients
after resuscitation.
Methods and Results:We prospectively obtained 168 sets of measurements from 84 septic patients. The arterial
and central venous blood gases were measured simultaneously at enrollment and 8 hours after resuscitation.
The P(v-a)CO2/C(a-v)O2 (r=−0.24, P= .028) at T8was negatively correlatedwith 8-hour LC after resuscitation
in all patients. The patients with 8-hour LC ≥ 10% exhibited signiﬁcantly lower P(v-a)CO2/C(a-v)O2 ratios and in-
tensive care unitmortality after resuscitation than the patients with 8-hour LC b 10%. The area under the receiver
operating characteristic curve of the P(v-a)CO2/C(a-v)O2 ratio for the detection of LC ≥ 10% was the greatest and
was signiﬁcantly better than that of the central venous oxygen saturation and similar to that of the P(v-a)CO2.
Moreover, a P(v-a)CO2/C(a-v)O2 b 1.23 at T8 is related to poor 8-hour LC rate (LC ≥ 10%) in the patients with nor-
malized central venous oxygen saturation values (≥70%) after resuscitation.
Conclusions: The high P(v-a)CO2/C(a-v)O2 ratio is associated with poor LC after resuscitation. The P(v-a)CO2/C
(a-v)O2 ratio may provide useful information for assessing the LC potential and optimizing the LC rate.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The identiﬁcations of tissue hypoxia and hypoperfusion play impor-
tant roles in themanagement of critically ill patients during early resus-
citation. Global metabolism measurements that are derived from blood
gas analyses are the frequently practical methods for assessing assess
global anaerobic metabolism.
The P(v-a)CO2/C(a-v)O2 ratio hadbeen shown to reﬂect anaerobicme-
tabolism (deﬁned by a lactate level N2mmol/L) and is acquired viamixed
venous blood gas analyses [1],which is also proposed as an alternative to
the respiratory quotient. Recently, some studies have indicated that the
central venoarterial carbon dioxide difference/arterial-central venous oxy-
gen difference (P(v-a)CO2/C(a-v)O2) ratio is able to predict increases in
oxygen consumption (VO2) and lactate clearance (LC) in short-term
time frames (1-2 hours) [2,3]. Although the P(v-a)CO2/C(a-v)O2 ratio
might provide additional information for assessments of oxygen debt, itMedicine, Peking UnionMedical
huaifuyuan, Dongcheng District,
. This is an open access article undermay become a speciﬁc end point for resuscitation. However, the
P(v-a)CO2/C(a-v)O2 ratio depends on complex interactions between the
central venous oxygen saturation (ScvO2), P(v-a)CO2, hemoglobin concen-
tration (Hb), arterial oxygen saturation (SaO2), and arterial oxygen tension
(PaO2). Thus, many factors can inﬂuence the calculation of the P(v-a)CO2/
C(a-v)O2 ratio in real clinical practice. The value of the P(v-a)CO2/C(a-v)O2
ratio remains controversial [4,5].
Themeaning of the P(v-a)CO2/C(a-v)O2 ratio in terms of resuscitation
remains to be established. As iswell known, no published studies have in-
vestigated the ability of serial measurements of the P(v-a)CO2/C(a-v)O2
ratio to predict LC over relatively long period of times (6-8 hours).
The present study aimed to accomplish the following goals: (1) in-
vestigate the relationship between the P(v-a)CO2/C(a-v)O2 ratio and
LC for 8 hours and (2) deﬁne a cutoff value for the P(v-a)CO2/C(a-v)O2
ratio to identify an 8-hour LC ≥ 10% after resuscitation.
2. Patients and methods
2.1. Patients
The Institutional Research and Ethics Committee of the PekingUnion
Medical College Hospital approved this study of human subjects.the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. The distribution of the P(v-a)CO2/C(a-v)O2 ratios.
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of kin prior to the inclusion of all data in this study.
When the research team was available, septic adult patients
who were sequentially admitted to the Department of Critical Care
Medicine and required central venous catheters for resuscitation were
eligible for the study. The decision to place a central venous catheter
for resuscitation was made by the attending physician according to
the clinical situation. The inclusion time (T0) and study enrollment
were deﬁned as the moment at which central venous pressure (CVP)
monitoring began after intensive care unit (ICU) admission. Septic
shock was deﬁned as severe sepsis with sepsis-induced hypotension
that persisted despite adequate ﬂuid resuscitation and required the ad-
ministration of vasopressors [6].
All patients received local hemodynamic support based on an algo-
rithm for critically ill patients. The early goals of hemodynamic support
were to achieve the following: CVP of 8-12 mmHg, a mean arterial pres-
sure (MAP) greater than 65mmHg, a urine output greater than 0.5mL/kg
of body weight (with the exceptions of patients with acute renal failure),
an ScvO2 of 70% or more, and a P(v-a)CO2 of 6 mm Hg or less [7,8].
2.2. Measurements
The information collected at enrollment included demographic
characteristics, such as age and sex, and the Acute Physiology and
Chronic Health Evaluation II (APACHE II) score [9]. The global hemody-
namic, arterial, and central venous blood gas analyses were simulta-
neously performed on the T0 and T8 (approximately 8 hours ± 1 hour
after early resuscitation according to the criteria deﬁned above)
data sets.
The central venous catheter was inserted via the jugular or the sub-
clavian vein, and the position of the tip of the venous catheterwas in the
upper part of the right atrium on chest radiograph. Blood gas samples
were taken anaerobically in 3-mL heparinized syringes and analyzed
for blood gas with bedside machines (GEM Premier 3000, model 5700
[Lexington, Mass] or ABL90, Radiometer [Copenhagen, Denmark]), and
the same blood gas machines were used to analyze the arterial and cen-
tral venous blood gas samples.
2.3. Study deﬁnitions
The pairs of arterial and central venous blood samples were with-
drawn simultaneously for determination of the following variables:
PaO2, arterial carbon dioxide tension (PaCO2), central venous oxygen
tension (PvO2), central venous carbon dioxide tension (PvCO2), SaO2,
and ScvO2. The Hb and lactate level were measured from the arterial
blood. The arterial oxygen content (CaO2), central venous oxygen con-
tent (CvO2), arteriovenous oxygen content difference (C(a-v)O2),
venoarterial CO2 tension difference (P(v-a)CO2), P(v-a)CO2/C(a-v)O2
ratio, LC rate, LC, and survival were deﬁned as follows:
• CaO2 = (1.34 × SaO2 × Hb) + (0.003 × PaO2)
• CvO2 = (1.34 × SvO2 × Hb) + (0.003 × PvO2)
• C(a-v)O2 = CaO2− CvO2
• P(v-a)CO2 = PvCO2− PaCO2
• P(v-a)CO2/C(a-v)O2 ratio = (PvCO2− PaCO2)/(CaO2− CvO2)
• LC rate = (T0 lactate− T8 lactate)/(T0 lactate) × 100%
• LC rate ≥10% from T0 to T8
• Survival: leaving the ICU alive for that admission
2.4. Statistical analysis
Based on the LC rate from T0 to T8, the patients were divided into 2
groups: an LC group (8-hour LC rate ≥10%) and a non-LC group (8-hour
LC rate b10%). A descriptive analysis was performed. All data are
expressed as themeans±SDs andmedians (25th-75th percentiles) un-
less otherwise speciﬁed.Mann-Whitney testswere used to compare thegroups in terms of the continuous variables, and χ2 and Fisher exact
tests were used to compare the categorical variables between groups.
Pairs of continuous variables were analyzed using linear regressions.
The discrimination values of the variables were assessed with the re-
ceiver operating characteristic (ROC) analyses. All comparisons were 2
tailed, and P b .05 was required to exclude the null hypothesis. The
areas under the ROC curves were compared using Hanley-McNeil tests
[10]. Statistical analyses were performed with the SPSS 13.0 software
package (SPSS Inc, Chicago, Ill) and MedCalc 11.4.3.0 software
(Mariakerke, Belgium).
3. Results
From November 2013 to February 2014, a total of 84 septic patients
were enrolled. The average age of these patients was 58±19 years, and
34 of 84 of the patients were female. The mean APACHE II score was 17
± 8. Of the 84 patients, 62 (74%) were mechanically ventilated, 48
(57%) received norepinephrine therapy at baseline, and 58 (69%) were
still receiving norepinephrine at T8 after resuscitation. The characteris-
tics of the primary infection sites were as follows: 36/84 (43%) cases in-
volved the abdomen, 33/84 (39%) cases involved the lungs, 9/84 (10%)
cases involved the heart 2/84 (2%) cases involved the soft tissue, and
4/84 (4%) cases involved an unknown source. A total of 168 measure-
ments were obtained from the 84 patients. The distribution of the
P(v-a)CO2/C(a-v)O2 ratios is shown in Fig. 1.
3.1. Relationships of the 8-hour LC with the P(v-a)CO2/C(a-v)O2 ratio,
ScvO2, P(v-a)CO2, and C(a-v)O2 at T8 after resuscitation
The P(v-a)CO2 (r=−0.279, P= .01) and P(v-a)CO2/C(a-v)O2 ratio
(r=−0.24, P= .028) were signiﬁcantly and negatively related to the
8-hour LC, but the ScvO2, C(a-v)O2, MAP, and CVP values at T8 after re-
suscitation were not related to LC.
3.2. Relationship between the lactate level and the P(v-a)CO2/C(a-v)O2
ratio in the 168 measurements
There was no relationship between the P(v-a)CO2/C(a-v)O2 ratio
and lactate (r= 0.022, P= .773). The area under the ROC curve of the
P(v-a)CO2/C(a-v)O2 ratio for the prediction of an arterial lactate level
greater than 2 mmol/L was no better than those of the P(v-a)CO2,
ScvO2, and C(a-v)O2 values (areas under the curve [AUCs] = 0.548,
0.491, 0.569, and 0.397, respectively).
Table 2






T0 HR (beats/min) 98 ± 27 98 ± 22 .563
T0 MAP (mm Hg) 89 ± 21 90 ± 17 .512
T0 CVP (mm Hg) 10 ± 3.5 9 ± 3 .089
T0 ScvO2 (%) 76 ± 9 72 ± 11 .123
T0 C(a-v)O2 (mm Hg) 3.48 ± 2.05 3.86 ± 1.6 .132
T0 P(v-a) CO2 (mm Hg) 6.4 ± 5.1 5.9 ± 3.2 .978
T0 P(v-a) CO2/C(a-v)O2 ratio (mm Hg/mL) 1.87 ± 1.55 1.62 ± 1.0 .538
T0 Lactate (mmol/L) 1.7 ± 1.8 2.9 ± 2.2 b .0001⁎
T0 No. of patients with NE (%) 20/34 (59) 28/50 (56) .797
T0 NE dose (μg kg−1 min−1) 0.18 ± 0.25 0.15 ± 0.25 .588
LC rate N10%.
HR indicates heart rate; NE, norepinephrine.
⁎ P b0.05, LC vs non-LC.
78 H. He et al. / Journal of Critical Care 31 (2016) 76–813.3. Differences between the LC (LC ≥10%, n = 50) group and the non-LC
(LC b 10%, n = 34) group
Table 1 summarizes the baseline clinical characteristics of each
group. No differences in age, Sequential Organ Failure Assessment
score, percentage of septic shock patients, the use of norepinephrine
or inotropes, or hemoﬁltration were observed between the groups,
but the LC group exhibited lower APACHE II scores at enrollment.
The relevant hemodynamic and global oxygen metabolic parame-
ters at T0 and T8 for the LC and non-LC groups are shown in Tables 2
and 3, respectively. There were no signiﬁcant differences in CVP, MAP,
or ScvO2 at T0 or T8 between the LC and non-LC groups. However, the
LC group exhibited a higher lactate level at T0. Therewere no signiﬁcant
differences in P(v-a)CO2 or the P(v-a)CO2/C(a-v)O2 ratio at T0 between
the groups. Moreover, the LC group exhibited signiﬁcantly lower P(v-
a)CO2 values, P(v-a)CO2/C(a-v)O2 ratios, and lactate levels at T8 than
did the non-LC group after early resuscitation (Fig. 2).
Similarly, a subanalysis of the 48 septic shock patients revealed that
the patientswith LCs ≥ 10% exhibited lower P(v-a)CO2 (5±4 vs 8±7, P
= .029) values and P(v-a)CO2/C(a-v)O2 ratios (1.3 ± 1.1 vs 2.1 ± 1.0, P
= .0125) than did the non-LC septic shock patients after resuscitation.3.4. Prediction of an 8-hour LC ≥ 10%
The best cutoff values and the areas under the ROC curves for the
prediction of an LC ≥ 10% for the relevant variables are shown in
Table 3. The ROC curves for ScvO2, P(v-a) CO2, and the P(v-a)CO2/C(a-
v)O2 ratio at T8 are shown in Fig. 3. The best cutoff of the P(v-a)CO2/
C(a-v)O2 ratio for detecting an LC ≥ 10% at T8 after resuscitation was
1.16; this cutoff resulted in a sensitivity of 94.1% and a speciﬁcity of
48% (Table 4).
Moreover, the P(v-a)CO2/C(a-v)O2 ratio was still predictive for the
patients who exhibited ScvO2 normalization after early resuscitation.
Sixty-ﬁve of 84 patients had ScvO2 ≥ 70% at T8 in this study; of these pa-
tients, 41 exhibited LC and 24 did not exhibit LC 8 hours after resuscita-
tion. The AUC for the P(v-a)CO2/C(a-v)O2 ratio in the prediction of an LC
≥ 10% at T8 was greatest among the patients with an ScvO2 ≥ 70% at T8
(Fig. 4). In these patients, the best cutoff for the P(v-a)CO2/C(a-v)O2
ratio for the detection of an LC ≥ 10% at T8 after early resuscitation
was 1.23; this cutoff resulted in a sensitivity of 91.7% and a speciﬁcity
of 53.7%.
Similarly, the AUC of the P(v-a)CO2/C(a-v)O2 ratio at T8 for the
prediction of an LC ≥ 10% was 0.712 in the subanalysis of the 48 septic
shock patients.Table 1






Age (y) 57 ± 19 59 ± 19 .668
Sex (female/male) 23:27 11:23 .211
Patients on inotropes, n (%) 16 (32) 11 (32) .973
Patients on hemoﬁltration, n (%) 4 (8) 8 (23) .06
Patients with septic shock, n (%) 28 (56) 20 (59) .797
Type of organism, n (%)
Gram-positive 6 (12) 5 (15) .718
Gram-negative 22 (44) 16 (47) .782
Mixed 8 (16) 3 (9) .339
Unknown 12 (24) 10 (29) .580
APACHE II score 15 (10-20) 19 (14-27) .006⁎
SOFA score 8 (7-10) 9 (6-12) .374
The data are presented as themeans± the SD or as percentages. P values indicate the sig-
niﬁcance of the comparisons between the LC and non-LC groups.
MV indicates mechanical ventilation; SOFA, Sequential Organ Failure Assessment.
⁎ P b .05.3.5. Prediction of ICU mortality
The ICU mortality was 23.8% (20/84) in the septic patients. The sur-
vivors were with lower lactate at T8 after early resuscitation. The pa-
tients with LC ≥ 10% showed a lower ICU mortality than did the
patients with LC b 10% (8/50 [16%] vs 12/34 [35%], P b .05). In addition,
there were no differences in ScvO2, P(v-a)CO2, C(a-v)O2, and P(v-a)CO2/
C(a-v)O2 ratio at T8 between the survivors and nonsurvivors.
4. Discussion
We found that the P(v-a)CO2/C(a-v)O2 ratio was associated with 8-
hour LC in the septic patients after resuscitation, and high P(v-a)CO2/
C(a-v)O2 ratio was related to poor LC after resuscitation. Our study sup-
ports the notion that serial measurements of the P(v-a)CO2/C(a-v)O2
ratio during resuscitation may serve as surrogate markers of the pay-
ment of the oxygen debt.
The concept of the oxygen delivery (DO2)/VO2 relationship repre-
sents a milestone in shock resuscitation, and the determination of the
DO2/VO2 dependence of is the core of the management of shock resus-
citation [11,12]. Over the past 20 years, researchers have constantly
been searching for simple indicators that reﬂect the DO2/VO2 balance
and can be used to guide resuscitation, such as ScvO2, arterial lactate,
and P(v-a)CO2 [7,8,13]. Although the ScvO2 is the foundation for reveal-
ing theDO2/VO2 relationship in the critically ill patients, therewere lim-
itations to the use of ScvO2 in patients with sepsis. Moreover, the recent
early goal-directed therapy study produced negative results, and the au-
thors questioned the value of ScvO2 as a resuscitation goal in septic pa-
tients [14,15]. The arterial lactate level is well known to reﬂect
ongoing metabolism and serves as an indicator of anaerobic metabo-
lism, and LC is associated with mortality in critically ill patients
[16–18]. Although the use of LC is limited to a certain degree, it hasTable 3







T8 HR (beats/min) 99 ± 22 92 ± 21 .123
T8 MAP (mm Hg) 85 ± 14 90 ± 15 .215
T8 CVP (mm Hg) 9.7 ± 4 8.5 ± 3 .334
T8 ScvO2 (%) 75 ± 13 77 ± 9 .760
T8 C(a-v)O2 (mm Hg) 3.7 ± 1.6 3.5 ± 1.6 .439
T8 P(v-a) CO2 (mm Hg) 7.3 ± 4.5 4.7 ± 3.4 .004⁎
T8 P(v-a) CO2/C(a-v)O2 ratio (mm Hg/mL) 2.1 ± 1.0 1.4 ± 1.0 .001⁎
T8 Lactate (mmol/L) 3.0 ± 3.8 1.3 ± 0.8 .007⁎
T8 NE dose (μg kg−1 min−1) 0.53 ± 1.26 0.24 ± 0.31 .904
LC rate N10%.
HR indicates heart rate; NE, norepinephrine.
⁎ P b .05. LC group vs non-LC group.
Fig. 2. Comparisons of the lactate levels, P(v-a)CO2 values, and P(v-a)CO2/C(a-v)O2 ratios at T0 and T8 between the septic patients in the LC group and non-LC group.
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practice, and LC is particularly well accepted for this purpose. Therefore,
it was relatively reasonable to use LC as an indicator of anaerobicmetab-
olism in our study.
We observed no signiﬁcant relationships between the P(v-a)CO2/
C(a-v)O2 ratio and lactate level in any of themeasurements. In addition,
the AUC of the P(v-a)CO2/C(a-v)O2 ratio in the detection of a lactate
level greater than 2 mmol/L was 0.548, which is inconsistent with the
results of Mekontso-Dessap's study (AUC = 0.85). This study reported
that the ability of the P(v-a)CO2/C(a-v)O2 ratio to detect
hyperlactatemia was poor when the ScvO2 was used to replace the
SvO2 in the calculations. Some studies have reported that the SvO2Fig. 3. Receiver operating characteristic curves illustrating the abilities of ScvO2, P(v-a)CO2,
and the P(v-a)CO2/C(a-v)O2 ratio to discriminate between LC and non-LC after resuscitation.cannot be replaced with the ScvO2, particularly for patients who are in
shock or under general anesthesia [19–23]. The difference between
the use of ScvO2 and the use of SvO2 in the calculation of the P(v-
a)CO2/C(a-v)O2 ratio requires additional research for clariﬁcation. In
contrast, the agreement between the P(v-a)CO2/C(a-v)O2 ratio and
the lactate level should not be interpreted as representative of anaerobic
metabolism. Studies have shown the hyperlactatemia does not always
have a hypoxic origin [24,25]. Rimachi et al [26] reported the presence
of hyperlactatemia in 65% of patients with septic shock, but only 75%
of these patients exhibited increased lactate/pyruvate ratios, which con-
ﬁrms that hyperlactatemiamay be not due to hypoxia, especially during
the early stages of shock.
Poor outcomes of septic shock patientswith low or high ScvO2 values
have been reported. Thus, it was unsurprising that the ScvO2was unable
to predict LC after resuscitation in our study. After the ScvO2 has been
normalized (≥70%), it is challenging to determine the appropriate
criteria for deciding whether to continue resuscitation to improve LC
or to stop resuscitation to avoid the risk of overresuscitation. We ob-
served that low P(v-a)CO2 values and P(v-a)CO2/C(a-v)O2 ratios are re-
lated to improvements in LC after resuscitation. Moreover, we analyzed
the patientswith normalized ScvO2 levels (≥70%) after resuscitation and
found that that P(v-a)CO2/C(a-v)O2 continued to be predictive. The
value of a P(v-a)CO2/C(a-v)O2 ratio less than 1.23 at T8 indicates that
such values are related to 8-hour LCs at least 10% after resuscitation in
patients with ScvO2 values at least 70%. We infer that P(v-a)CO2/CTable 4
Areas under theROC curves for theputative predictors of LC (ie, an LC rate ≥10% fromT0 to









T8 ScvO2 (%) 0.520 0.389-0.651 70 78.0 35.3
T8 Pv-a CO2 (mm Hg) 0.684⁎ 0.568.-0.799 7 90.0 41.2
T8 C(a-v)O2 0.550 0.422-0.678 3 64.7 52.0
T8 Pv-a CO2/C
(a-v)O2 ratio
0.721⁎ 0.612-0.813 1.16 94.1 48.0
CI indicates conﬁdence interval.
⁎ P b .05 for the comparisons of ScvO2 vs Pv-a CO2 and Pv-a CO2/C(a-v)O2 ratio.
Fig. 4.Receiver operating characteristic curves illustrating the abilities of ScvO2, P(v-a)CO2,
and the P(v-a)CO2/C(a-v)O2 ratio to discriminate between LC and non-LC among patients
with ScvO2 values at least 70% after resuscitation.
Fig. 5.A recursive and regression tree to assess and optimize the LC according to ScvO2 and
P(v-a)CO2/C(a-v)O2 ratio after early resuscitation.
80 H. He et al. / Journal of Critical Care 31 (2016) 76–81(a-v)O2 ratios greater than 1.23 were related to oxygen debt in the pa-
tients with normalized ScvO2 values after resuscitation. Thus, the
P(v-a)CO2/C(a-v)O2 ratio provides an additional end point in patients
with ScvO2 values at least 70% after resuscitation. In other words, if a pa-
tient has an ScvO2 at least 70% and a P(v-a)CO2/C(a-v)O2 ratio at least
1.23 after resuscitation, there might be still potential for LC. The contin-
uation of resuscitation to improve LC should be considered for these
patients. In contrast, patients with ScvO2 values at least 70% and
P(v-a)CO2/C(a-v)O2 ratios of 1.23 or less after resuscitation might ex-
hibit low potentials for LC. The cessation of resuscitation should be con-
sidered for these patients to prevent overtreatment. Furthermore, we
summarized a recursive and regression tree to assess and optimize LC
after early resuscitation (shown in Fig. 5) according to the LC rate,
P(v-a)CO2/C(a-v)O2 ratio, and ScvO2. This therapeutic protocol for LC
merited additional studies to validate in the future. Monnet et al [2]
also reported that the P(v-a)CO2/C(a-v)O2 ratio is predictive of in-
creases in VO2, but the ScvO2 value is not. These authors demonstrated
that a P(v-a)CO2/C(a-v)O2 ratio greater than 1.8 is predictive of VO2 in-
creases of more than 15% in response to increases in DO2 when the
ScvO2 is greater than 70%.
Recent studies suggest that Pv-aCO2 may be able to identify persis-
tently poor perfusion in septic shock patients [8,27,28]. Some would
argue that the Pv-aCO2 is amore attractive and simple indicator of anaer-
obic metabolism. However, our study revealed that the P(v-a)CO2/
C(a-v)O2 ratio produced the greatest area under the ROC curve in the
prediction of LC, and this area under the ROC curve was slight greater
than that of the P(v-a)CO2. We believe that the P(v-a)CO2/C(a-v)O2
ratio might provide additional information about anaerobic metabolism
[29]. Moreover, the Hb ismeasured during the arterial blood gas analysis
and thuswould not require additional blood samples for examination. In
contrast, the Haldane effect could inﬂuence Pv-aCO2measurements [30].
There are limitations in the utility of the P(v-a)CO2 in the assessment of
anaerobicmetabolism, and increases in this value can occasionally be ob-
served in aerobic conditions [31,32].
There were no differences in ScvO2 and P(v-a)CO2/C(a-v)O2 ratio at
T8 between the survivors and nonsurvivors, but the patients with LC ≥
10% showed a lower ICU mortality and P(v-a)CO2/C(a-v)O2 ratio after
resuscitation. The present study did not show a signiﬁcant correlationbetween P(v-a)CO2/C(a-v)O2 ratio and survival. Further investigations
are required to elucidate the relationship between the P(v-a)CO2/C(a-
v)O2 ratio and mortality among septic patients.
5. Limitations
Several limitations should be acknowledged. First, the study period
may be considered too short to evaluate other relevant clinical out-
comes, and this issue may have confounded the results. However, all
of the enrolled patients received a relatively standard resuscitation
bundle. Thus, the data reasonably reﬂected LC in real clinical practice.
Second, some would argue that the LC group had higher lactate levels,
which did not agree with the lower APACHE II scores of this group
at baseline. Moreover, it might be easier to demonstrate faster LCs
in patients who start with higher lactate levels than in patients
who start with basal lactate levels that are normal or nearly normal. Re-
garding the former point, one study reported that the presence of
hyperlactatemia may be not due to hypoxia in septic patients [26]. Re-
garding the latter point, we found that the non-LC group exhibited
higher P(v-a)CO2/C(a-v)O2 ratios and lactate levels than did the LC
group after resuscitation, and the P(v-a)CO2/C(a-v)O2 ratios agreed
with the LCs during resuscitation. Thus, the notion of faster LCs in pa-
tients with higher lactate levels cannot be applied to the interpretation
of the result of our study. Third, one could argue that, compared with
the study byMonnet et al (which used co-oximetry technology to mea-
sure hemoglobinwith anABL800machine), themeasurement of hemo-
globin in this study could have resulted in greater bias because we used
conductivity technology and a blood gas analysis machine (a GEM Pre-
mier 3000 or an ABL90) [33]. However, a recent study demonstrated
that, compared with the reference laboratory method, both the GEM
Premier 3000 and ABL800 produced small biases (maximum−0.46 g/dL)
relative to the reference method, and both machines exhibited very
good reproducibility [34]. Therefore, our study is comparable to the
81H. He et al. / Journal of Critical Care 31 (2016) 76–81study by Monnet et al, and this limitation is unlikely to have affected
the conclusions. Further studies should be performed to examine the in-
ﬂuence of different technologies for measuring hemoglobin on the
P(v-a)CO2/C(a-v)O2 ratio.
6. Conclusion
The high P(v-a)CO2/C(a-v)O2 ratio is associated with poor LC after
resuscitation. The P(v-a)CO2/C(a-v)O2 ratio may provide useful infor-
mation for assessing the LC potential and optimizing the LC rate,
which worked as a supplement for assessing oxygen debt.
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